A digoxigenin-labeled RNA probe was synthesized from a plasmid containing a portion of the African horse sickness virus (AHSV) serotype 4 genome segment coding for nonstructural protein 1. In an in situ hybridization procedure, this probe hybridized successfully to Vero cells infected with each of the 9 serotypes of AHSV. There was no hybridization with noninfected cell cultures or cell cultures infected with bluetongue virus.
African horse sickness (AHS) is a viral disease of horses characterized by an acute, severe clinical disease with high mortality. 11 This disease is spread primarily by biting flies of the genus Culicoides. Because of the nonspecific nature of many of the clinical signs, recognition of the syndrome can be problematic. 2 African horse sickness currently is confined to the African continent, but within the last decade it has spread to other areas (Spain, Portugal) and caused severe epizootics.
Currently, all diagnostic tests rely on immunologic procedures. Definitive diagnosis rests on virus isolation, with the identity of the virus and serotyping confirmed by virus neutralization. Numerous serologic tests have been devised, 6 and sandwich enzyme-linked immunosorbent assays for the detection of antigen in infected animal tissues recently have been developed. 5, 10 The aim of this study was to determine if a nucleic acid-based technology could be used to successfully detect AHS virus (AHSV) in cell culture monolayers, specifically to determine if a digoxigenin-labeled RNA probe could hybridize with all 9 serotypes of AHSV in cell culture monolayers.
Materials and methods
Viruses and cell culture. All viruses used in the study were from the Foreign Animal Disease Diagnostic Laboratory repository and included the 9 serotypes of AHSV and bluetongue virus (BTV) serotype 17. All viruses were adapted to grow in Vero cells. a Eight-well slides b were treated briefly with poly-L-lysine c and conditioned with fetal calf serum to optimize cell adherence through the hybridization procedure. Wells were seeded with Vero cells, which when confluent From the Foreign Animal Disease Diagnostic Laboratory, National Veterinary Services Laboratories, Veterinary Services, Animal and Plant Health Inspection Service (Brown, Meyer) , and the Plum Island Animal Disease Center, Agricultural Research Service (Grubman), USDA, PO Box 848, Greenport, NY 11944.
Received for publication August 3, 1993. were inoculated with each serotype of AHSV or BTV-17 at a multiplicity of infection of 0.1. Some wells were left as noninoculated controls. At 24 hr postinfection, cultures were washed briefly in medium, fixed in 4% paraformaldehyde for 5 min, and stored in 70% ethanol at 4 C until used.
Preparation of probe. Total RNA from purified AHSV-4 was used to prepare a complementary DNA (cDNA) library. The RNA was primed with random hexamers using a commercial kit. d The cDNA was size selected, and EcoRI linkers were added. The cDNA was then cloned into EcoRI-digested calf intestinal alkaline phosphatase-treated pBluescript II KS vector. e Competent DH10B cells d were transformed and spread on plates containing selectable markers; white colonies were selected. Northern blot analysis of selected clones demonstrated that clone E86 was derived from segment 5. Previous research with in vitro translation has shown that segment 5 codes for nonstructural protein 1 (NS1). 4 Restriction enzyme analysis revealed that E86 contained an insert of > 1,500 base pairs (bp). By nucleic acid sequencing at the 5' and 3' ends of E86 and comparison to the published sequence of segment 5 from an attenuated strain of AHSV-4, 12 it was determined that E86 begins at base 141 and terminates at base 1,718 of the full-length segment that contains 1,751 bp. To generate negative-sense RNA transcripts, ES6 was linearized with PstI, and transcripts were synthesized with T3 RNA polymerase and digoxigenin-labeled nucleotides. f The resulting product, of > 1,577 bases, was purified by ethanol precipitation to remove unincorporated nucleotides. The amount of nucleic acid was estimated using ethidium bromide.
In situ hybridization. Monolayers on the slides were rehydrated in phosphate-buffered saline with 5 mM MgCl 2 . Cells were digested briefly with proteinase K (1 µg/ml in 10 mM Tris-HCl, pH 7.4, 2 mM CaCl,) for 15 min at 37 C. Following digestion, cells were postfixed briefly in 4% paraformaldehyde. Cultures were then subjected to denaturing conditions (100 C for 10 min in 50% formamide in 5 x standard sodium citrate [SSC] ). For hybridization, approximately 100 ng of probe, suspended in 70 µl of a solution containing 5 x SSC, 50% formamide, 5% blocking reagent f 1% N-lauroylsarcosine, and 0.02% sodium dodecyl sulfate (SDS), were placed over the cell cultures. The probe solution was held in place by a siliconized coverslip, the edges of which were sealed by nail hardener. Hybridization progressed for 18 hr at 52 C. The following day, coverslips were removed, and monolayers were subjected to a series of stringent washes, beginning with 2 x SSC with 1% SDS then 1 x SSC with 0.1% SDS at 55 C, and followed by 1 x SSC and 0.1 x SSC. For detection of the hybrid, cultures were incubated with anti-digoxigenin conjugated to alkaline phosphatase f at 37 C for 2.5 hr. Chromogen and substrate consisted of nitroblue tetrazolium and 5-bromo-4-chloro-3-indolylphosphate. g Development progressed for 3 hr and was stopped by a brief wash in Tris-ethylenediaminetetraacetic acid buffer. Slides were then coverslipped and examined microscopically.
Results
Positive hybridization results were obtained using cell cultures infected with all 9 of the AHS serotypes (Table 1) . Hybridization signal was strongest with cell cultures infected with serotypes 1,7, and 9 and weakest with serotypes 4 and 8. There was no staining in any of the noninfected cell cultures or in the culture infected with BTV-17. Hybridization signal appeared as a diffuse blue-black granularity in the cytoplasm of 20-50% of the cells in the monolayer (Fig. 1) . Staining occurred most frequently in clusters of cells.
Discussion
In this study, a digoxigenin-labeled RNA probe made from the genomic segment coding for NS1 successfully hybridized to cell cultures infected with each of the 9 serotypes of AHSV. There was no hybridization to noninfected cell cultures or to cells infected with BTV. At 24 hours postinfection, there were positive hybridization signals with all 9 serotypes, although some serotypes had a stronger signal than others. Hybridization with the homologous strain was not as strong as with some of the other strains. This difference probably reflects the relative rapidity with which these different strains grew in cell culture. The genome of AHSV consists of 10 double-stranded RNA segments. Previous work 1 has demonstrated that genome segments 3, 5, and 8 have the greatest homology among the 9 serotypes. Also, these segments appear to be specific for AHSV; there was no crosshybridization of these segments with other orbiviruses, including the viruses of BT, epizootic hemorrhagic disease, and equine encephalosis. 1 In another study using a dot-spot hybridization procedure, a DNA probe for segment 5 was specific for AHSV, with no cross-hybridization to the other orbiviruses tested, including BTV and equine encephalosis virus. 14 Work on coding assignments of the various genome segments of AHSV 4 indicates that in AHSV genome segment 5 encodes for NS1. In those serotypes (AHSV-4 and AHSV-9) for which the sequence of the gene encoding NS1 has been reported, there is a 99% homology at the nucleotide level. 13 In studies with BTV, another orbivirus, the gene coding for NS1 has been very useful in BTV hybridization reactions because it can distinguish between BTV-infected cells and cells infected with other closely related orbiviruses. 3 In BTV, NS1 is the major protein synthesized in infected cells, 7 and the mRNA protein coding for it is transcribed in a higher molar ratio than that for any of the other genes. 8 Likewise, in AHSVinfected cells, NS1 is 1 of the major virus-induced proteins synthesized in infected cells. 4, 9 The results presented here indicate that a probe made from the AHSV genome encoding NS1 will successfully hybridize in situ with all 9 serotypes of AHSV. Such a probe may be useful as a diagnostic tool and may be helpful in a pathogenesis study for determining sites of viral replication in tissues. 
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